HIV testing services are the gateway into HIV treatment and are critical for monitoring the epidemic. HIV testing is recommended at least annually in high-risk populations, including people who inject drugs (PWID). In Malaysia, the HIV epidemic is concentrated among PWID, but their adherence to testing recommendations and the proportion of HIV-positive PWID who are aware of their status remain unknown. We recruited 460 PWID in Greater Kuala Lumpur using respondent-driven sampling and conducted HIV testing. We examined past testing behaviors, estimating testing frequency, correlates of testing in the past 12 months, and the proportion of those living with HIV who were aware of their status. Results showed that most PWID living with HIV (90.4%, 95% CI: 83.6%-95.9%) were aware of their status. Among those never previously diagnosed with HIV, few had accessed HIV testing in the past 12 months (14.3%, 95% CI: 11.1%-18.0%). Prison (57.0%) and compulsory drug detention centers (36.1%) were the primary locations where PWID reported ever being HIV tested, and the main correlate of recent testing in regression was recent criminal justice involvement. Although awareness of HIV status may be high among PWID living with HIV in Kuala Lumpur, testing occurs primarily in prisons and compulsory drug detention centers, where it is involuntary and linkage to care is limited. A shift in HIV testing policy is needed to align health and human rights objectives, replacing mandatory testing with voluntary testing in settings where individuals can be rapidly linked to HIV care.
Introduction
People who use drugs are disproportionately affected by HIV and face unique challenges in accessing HIV testing and care (Altice, Kamarulzaman, Soriano, Schechter, & Friedland, 2010; Degenhardt et al., 2014; Mathers et al., 2008; WHO, 2015) . In Malaysia, people who inject drugs (PWID) account for a majority of existing cases and a significant proportion of new infections of HIV (Degenhardt et al., 2014; Kamarulzaman, 2009; Mathers et al., 2008; Ministry of Health Malaysia, 2015) . HIV treatment and prevention services in Malaysia are inadequately scaled to need (Degenhardt et al., 2014) , and AIDS-related mortality has increased by 20% in the past decade (UNAIDS, 2014b) . Increasing the flow of people living with HIV (PLH) through the HIV treatment cascade is critical for reducing morbidity, mortality, and ongoing HIV transmission (Cohen et al., 2011; Nakagawa et al., 2012; UNAIDS, 2014a) .
In Malaysia, prisoners and detainees in jail or compulsory drug detention centers (CDDC) are subjected to mandatory HIV testing, as are Malay couples before marriage (Fu, Bazazi, Altice, Mohamed, & Kamarulzaman, 2012; Khebir, Adam, Daud, & Shahrom, 2007) . However, little is known about the use of voluntary HIV testing services in the community. We analyzed data from a study of PWID in Greater Kuala Lumpur to examine HIV testing behaviors and the proportion of PWID living with HIV who were aware of their HIV status.
elsewhere Bazazi et al., 2015; Vijay, Bazazi, Yee, Kamarulzaman, & Altice, 2015) .
Outcome and analytic sample
Our primary outcome was whether participants had been tested for HIV in the past 12 months ("recent" HIV testing), which is the minimum frequency recommended and a performance indicator suggested by the World Health Organization (WHO, 2010; WHO & UNODC, 2009; WHO, UNODC, & UNAIDS, 2012) . We excluded 69 people who reported previously receiving an HIV diagnosis (including three who mistakenly believed they were infected), leaving a subsample of 391 people never previously diagnosed with HIV.
For the secondary outcome of whether PLH were aware of their status, we used a subsample of 73 participants with reactive HIV test results.
Statistical analysis

Correlates of HIV testing
Based on a literature review of predictors of HIV testing and a priori knowledge about PWID in Malaysia, we selected 35 covariates to screen for association (See Online Supplemental Appendix for details about covariates). Given the large number of covariates for the sample size, we used penalized regression for variable selection. Results are presented from the least absolute shrinkage and selection operator (lasso) and the adaptive lasso (Tibshirani, 1996; Zou, 2006) . For each of these types of regression, we fit a less-restricted (more covariates selected) and more-restricted (less covariates selected) model. We used the standard method of 10-fold cross-validation to select two values of the penalty parameter for these models (λ min and λ 1se , respectively) (Hastie, Tibshirani, & Friedman, 2013) . Penalized regressions were implemented with the glmnet package in R (Jerome Friedman & Tibshirani, 2010; R Core Team, 2016) . For reference, we also present results from a commonly used bidirectional stepwise regression algorithm using AIC, but we focus our interpretation on results of the penalized regressions. More details about our model-building strategy are in the Online Supplemental Appendix.
Uncertainty estimation
For the penalized regressions, we estimated uncertainty using the non-parametric bootstrap with fixed values of the penalty parameters (Fan & Li, 2001; Morozova, Levina, Uuskula, & Heimer, 2015; Tibshirani, 1996) .
Uncertainty around sample proportions was also estimated with the non-parametric bootstrap.
Missing data
Eighteen of 391 individuals were missing values for at least one covariate. They were removed from regression analysis after Little's test failed to reject the null hypothesis that the data were missing completely at random (p = 0.97) (Beaujean, 2012; Little, 1988) , leaving n = 373 individuals. Summary statistics reflect the full analytic sample (n = 391) unless otherwise noted.
Ethics
All data were collected anonymously after participants gave oral informed consent. This study was approved by institutional review boards at Yale University and University of Malaya.
Results
Sample characteristics
Summary statistics for all covariates used in the regressions are presented in Table 1 alongside unadjusted odds ratios for their association with recent HIV testing.
HIV testing
Overall, 79% of participants (309/391, 95% CI: 74.9%-82.9%) had ever received an HIV test. Among those 309 who had previously been tested, the average time since their last HIV test was 5.6 years (95% CI: 5.1-6.1 years). Only 14.3% (56/391, 95% CI: 11.1%-18.0%) had been tested for HIV in the past year. The majority of participants had been tested at some point for HIV in closed settings where HIV testing is compulsory: 57.0% (223/391) had been tested in a prison, 36.1% (141/391) in a CDDC, and 66.2% (259/ 391) in either of the two. HIV testing was less commonly reported at hospitals (23.0%, 90/391), non-governmental organizations (3.5%, 14/391), and private clinics (2.0%, 8/391). Among those who had ever been HIV tested, 93.5% (287/307 [n = 2 missing], 95% CI: 90.6%-96.1%) reported receiving the results of their last HIV test.
In the less-restricted lasso regression, all three criminal justice covariates (recent incarceration in jail, prison or a CDDC) were retained along with recruitment at the Kajang site and recent unprotected sex with a PWID; only recent prison incarceration and recruitment at the Kajang site were retained in the more-restricted model ( Table 2 ). In the less-restricted adaptive lasso regression, all three criminal justice covariates were retained as well as recruitment at the Kajang site and the number of tuberculosis symptoms; in the more-restricted models only recent prison incarceration was retained (Table 3) . A standard stepwise regression strategy selected twelve covariates, which included nearly all covariates selected by the penalized regressions, and more of the coefficients were statistically significant (Table 4) .
The most robust correlate of recent HIV testing was prison incarceration in the prior six months. While 40.4% (21/52) of those recently incarcerated in prison had also been tested recently for HIV, only 10.3% (35/ 339) of those not recently incarcerated in prison had been tested. Recent prison incarceration was retained in all models, and the coefficient was significant in both of the less-restricted penalized regressions and in one of the two more-restricted versions. Recent jail incarceration and detention in a CDDC were also retained in the less-restricted regressions, but the coefficients were not statistically significant. Participants' recruitment site was correlated with recent testing. While 22.5% (18/80) of those recruited in Kampung Baru and 16.9% (33/195) of those recruited in Shah Alam had been tested recently for HIV, only 4.3% (5/116) of those recruited in Kajang had. Compared to participants at the other two sites, participants at the Kajang site were significantly less likely to have tested recently in both less-restricted penalized regressions. This covariate was retained in only one of the morerestricted penalized regressions, where it was not statistically significant.
Awareness of HIV status
In our sample, 9.6% (7/73, 95% CI: 4.1%-16.4%) of participants who tested positive for HIV were unaware of their status. Awareness of HIV status differed by recruitment site: only 1 of 47 participants living with HIV and recruited in Kampung Baru did not know their HIV status, while 4 of 13 in Kajang and 2 of 13 in Shah Alam did not know their status (X-squared = 10.25, p = 0.006).
Three individuals reported previously testing positive for HIV but had non-reactive results on two different rapid tests.
Discussion
We find that PWID in Greater Kuala Lumpur are being tested for HIV infrequently and primarily in criminal justice settings where testing is not voluntary and linkage to HIV care is limited.
While the WHO recommends that PWID be tested at least yearly, only 14.3% of our sample had been tested in the past year (WHO, 2010) . Despite infrequent testing, most PWID living with HIV (90.4%) were aware of their status. The UNAIDS 90-90-90 strategy seeks to diagnose 90% of PLH by 2020 (UNAIDS, 2014a), and our findings suggest that Malaysia may be on track to meeting this target among PWID in Kuala Lumpur. The high rate of HIV diagnosis in PWID, however, has come at the expense of the rights of incarcerated people. HIV treatment is absent in most CDDCs and limited in the prison system, and programs for linking PLH to care in the community after release are practically non-existent (Fu et al., 2012; Margolis, Al-Darraji, Wickersham, Kamarulzaman, & Altice, 2013) . Individuals in Malaysian prisons and CDDCs primarily are tested for HIV not to link them to care but rather to identify PLH in order to segregate them, thereby also compromising their confidentiality. International agencies universally recommend against segregation of PLH in closed settings (UNODC, ILO, UNDP, WHO, & UNAIDS, 2013) . A rights-based approach to HIV testing involves assuring the voluntariness of testing, defining the purpose of testing with respect to individual benefits, and minimizing stigma and discrimination (Fu, Bazazi, & Altice, 2011 ; UNAIDS Global Reference Group on HIV/AIDS and Human Rights & WHO, 2004) . Shifting from a policy of mandatory testing to opt-out testing of incoming prisoners and detainees could allow for continued high rates of diagnosis of this at-risk population without infringing on their rights. But if HIV testing is to be conducted at all in these settings, it should be paired with HIV treatment and linkage to care in the community (Springer, Spaulding, Meyer, & Altice, 2011) .
In a community setting, it is easier to ensure that testing is voluntary, confidentiality preserved, and linkage to HIV care achieved. If Malaysia's priority is to diagnose and link to care as many PLH as possible, it should prioritize community-based rapid testing programs, such as those integrated within harm reduction organizations, that target individuals at elevated risk of HIV infection. A recent review of this form of task shifting by the WHO shows that outreach workers at harm reduction organizations can effectively provide HIV testing services (Kennedy & Fonner, 2015) . In our study, only 3.5% had accessed testing from community-based organizations. Community-based organizations operating needle exchange programs or drop-in centers are wellpositioned to offer rapid HIV testing to individuals at high risk of contracting HIV, but such organizations have received a modicum of total government spending on HIV testing. Instead, the government allocates funding for HIV testing to less cost-effective programs like mandatory pre-marital screening (Khebir et al., 2007; Ministry of Health Malaysia, 2012 , 2015 
Limitations
First, respondent-driven sampling introduces complex sampling dependencies and potential biases that are not remedied with standard estimators that adjust for network size. We present sample means and bootstrapped confidence intervals because they represent the least problematic and most transparent estimators available for use with our data. Second, the factors identified from exploratory regression analysis represent correlates of HIV testing; causation cannot be inferred. Third, the associations we present are those of a large enough magnitude to be detected in a sample of this size. Failure to detect other associations with HIV testing may be due to low power and is not necessarily evidence of their absence.
Geolocation information
This study was conducted in Greater Kuala Lumpur, Malaysia.
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